Abstract: While sea levels are known to oscillate with multi-decadal periodicities worldwide up to quasi-60 years, the most part of the literature on sea levels computes apparent rates of rise of sea levels much larger than the legitimate by using short time windows covering only part of a valley-to-peak quasi-60 year multi-decadal oscillation. It is shown that along the North Atlantic coast of the United States the sea levels oscillate closely to the AMO index, and the rate of rise of sea levels computed by linear fitting of the last 30-36 years of data is much higher than the true value. It is also shown that similar minimum requirement of 60 years of recording is needed along the North Pacific coast of the US, where the longer periodicity of the oscillations is not clearly defined; possibly for the strong ENSO signal covering a quasi-60 years oscillation.
Introduction
The sea levels around the world are rising, and it is claimed on the basis of tide gauge and satellite altimeter measurements that the global rate of rise of sea levels has been considerably increased especially over the last 25 years [1] [2] [3] . It has been shown in recent papers, that however all the long term tide gauges of the world recording the monthly sea levels since the second half of the 1800s or the beginning of the 1900s consistently show periodic oscillations about an almost perfectly linear trend since the beginning of the 1900s [4] [5] [6] [7] [8] [9] [10] [11] . The longer of these oscillations has a quasi-60 year periodicity, and it has been suggested that what has been claimed as present sea level acceleration and presently higher than before rates of rise of sea levels is only the result of the selective focusing on the latest valley to peak movement of a multi decadal oscillation [4] [5] [6] [7] [8] [9] [10] [11] .
From [17] , it is clear that "averaging of tide gauges over regions shows that the phase and amplitude of the fluctuations are similar in the North Atlantic, western North Pacific, and Indian Oceans, while the signal is shifted by 10 years in the western South Pacific". However, "The only sampled region with no apparent 60-year fluctuation is the Central/Eastern North Pacific". Therefore, the Atlantic coast of North America is known to have seas oscillating with a quasi-60 year peiorodicty, while the Pacific coast of North America oscillates following periodicities apparently shorter [11] . There is in some tide gauges a periodicty above 200 months and/or above 400 months, plus there is the opportunity of a longer periodicity but not fully cleared out. The influence of the neglected quasi-60 years oscillations as well as the detection of the longer periodicity for the North Atlantic coast of the US is the subject covered in the following sections.
What happens selectively focusing on short time windows
Sea level accelerations are often wrongly inferred because of wrongly selected short time windows. Example of selectively focusing on the valley-to-peak movement of a longer term oscillation is the claimed sea level acceleration along the North Atlantic coast of the United States [12, 13] . Circles are color coded to reflect computed differences; no color fill indicates differences in rates of sea-level rise that are not statistically different from zero. Cool colors indicate decreasing rates of sea-level rise over the 60-year period; warm colors indicate increasing rates of sea-level rise over the 60-year period. Note "hotspot" between Cape Hatteras and Cape Cod. [12] ). Circles are color coded to reflect computed differences; no color fill indicates differences in rates of sea-level rise that are not statistically different from zero. Cool colors indicate decreasing rates of sea-level rise over the 60-year period; warm colors indicate increasing rates of sea-level rise over the 60-year period. This figure show "hotspot" between Cape Hatteras and Cape Cod.
Because the Pacific seas oscillates differently, with a different longer periodicity and phase [8, 11] , the picture shows with same logic "cold spots of negative accelerations" for the Pacific coast of the United States that are not identified in the work. Figure 2 presents an analysis of serial trends in the rate of rise of sea levels computed at any time with the last 36 years of data (from [13] ). The linearly increasing rates of sea level rise are claimed to infer a constant acceleration confirmed by applying quadratic regression analysis to the 1969 -2011 mean sea level series. The results support the claim that sea level rise is now locally accelerating at rates as high as 0.30 mm/y 2 .
3 What happens considering the longer multi-decadal oscillations? to December 1979 for The Battery, NY. Clearly, the rate of rise of sea levels over the last 30 years is 4.15 mm/year much larger than the 2.62 mm/year of the prior 30 years. This picture could also support a claim of acceleration and much larger than the expected rates of rise of sea level confirming Figures 1 and 2 are correct. However, a better analysis brings to a different conclusion. Figure 3 .b presents all the data collected in The Battery, NY since January 1893 until December 2011. The quality of this data set is good. There are other data collected starting 1856 but with significant discontinuities. Considering any filling of gaps and shift of datum may bias the analysis of the tide gauge, it is preferred to consider only the last 120 years of data free of any issue.
To better understand which periodicities may be relevant in The Battery tide gauge, the monthly oscillations about the linear trend of h presents the rate of rise of sea levels computed by using different record length while Figure 3 .i presents the time histories of the rates of rise of sea level computed by using all the data available at a certain time and 30 years. It takes more than 60 years of recording to compute a rea-sonable long term trend. After that, the rate of rise of sea level computed by using all the data available at a certain time oscillates with a time rate of change oscillating about the zero as shown in Figure 3 .j.
Figures 3.i and 3.j synthetically tell us the present velocity, the lack of acceleration, and the longer periodicity of the multi-decadal oscillations, this latter as the distance between two peaks or two valleys. The sea level rate of rise (SLR) 30 years will very likely continue to grow for some more years.
With lengths smaller than one 60 years periodicity the computed values are very far from the legitimate longer term trend values.
There is a valley of the quasi-60 years AMO peak and valley oscillation in the 1970s, and the selection of the two time windows of Figure 3 .a is the one that produces the higher "present" sea level rate of rise and the lower "recent past" sea level rate of rise to compare with. Therefore, Figures 1 and 2 only magnify the effect of a valley to peak quasi 60-years oscillation, the rate of rise of sea levels are much smaller than what is proposed in Figures 1 and 2 , and these rates of rise are not presently increasing.
Further analyses of the New York tide gauge and other tide gauges of the East coast of the US may be found in [8, 10] where it is shown that these tide gauges are all acceleration free.
If the anaylis of Figure 1 repeated for the North American Pacifc coast produces "cold spots of negative accelerations", neverteless claims of sea levels acceleration in San Francisco, CA are made by using completely different arguments. Following their prior work [19] , the authors of [18] claim the presence of a positive acceleration in the San Francisco tide gauge record. Their sea level acceleration (SLA) is defined as the mean of the second differences of the residual from an EEMD. For the entire record, a value of +0.011 ± 0.003 mm/y 2 is obtained for the acceleration and its uncertainty, compared with +0.013 mm/y 2 , using the conventional approach of parabolic fitting all the data. The San Fracisco tide gauge is then analysed in Figure 4 . Some of the longer tide gauges, as it is the case of the San Francisco tide gauge that started in 1854, show a different behaviour during the 1800s and from the 1900s until now, as it is clear by the 12-months moving average of the measured monthly average sea levels (MSL) of Figure 4 .a. If this MSL is fitted with a second order polynomial as done in Figure 4 .b, this produces the constant acceleration of 0.0132 mm/y 2 that however does not tell us of a present acceleration of sea levels due to global warming, but only that the oceans had a different behaviour until the end of the 1800s. If for example we apply same linear and second order polynomial fittings to the data January 1900 to present, the rate of rise of sea levels is larger, but the average acceleration over the period is now a negative −0.0015 mm/y 2 . Therefore, since January 1900 there is not too much of a positive acceleration in the San Francisco tide gauge. If we compute the periodogram of the oscillations about the longer term trend of the reduced data set, Figure 4.c and 4 .d, this result show us the presence of multidecadal oscillations of longer periodicity detected above 400 months with however the opportunity of a much longer periodicity. A Pacific North America index [14] has oscillations showing some correlations with the sea level oscillations in San Francisco, and the priodogram of the too short PNA index record only permits to evidence the opportunity of a longer periodicty exceeding the one detected above 200 months, Figure 4 .e and 4.f. Similarities also exist in between the San Francisco sea level oscillations and a Pacific Decadal Oscillation (PDO) as proposed in Figure 4 .g and h (from [14] ). This time, the longer periodicities are below 400 and about 800 months.
The simple procedure to compute the present rate of rise of sea levels and the presence of a present acceleration (if any) of Figures 4.i and 4.j permits to infer for the San Francisco tide gauges same conclusions of The Battery, NY tide gauge. It takes more than 60 years of recording to compute a reasonable long term trend. After that, this parameter oscillates with a time rate of change oscillating about the zero. The longer periodicity of the oscillations that may be detected is however much shorter than the 60 years of The Battery, NY.
Further analyses of the San Franscisco tide gauge and other tide gauges of the West coast of the US and Canada may be found in [7, 10, 11] where it is shown that these tide gauges are all acceleration free.
Discussion
The quasi 60-years AMO linked oscillation of the North Atlantic sea levels is well known in NOAA [15] . It is written ".50 -60 years of data are required to obtain a trend with a 95% confidence interval of +/− 0.5 mm/yr" and ".there was statistically significant multi-decadal variability on the U.S. east coast with higher rates in the 1930s, 1940s and 1950s and lower rates in the 1960s and 1970s".
The quasi-60 years oscillation of the climate parameters was clearly identified long time ago [16] . "Singular spectrum analysis of the surface temperature records for 11 geographical regions shows that the 65 -70-year oscillation is the statistical result of 50-88-year oscillations for the North Atlantic Ocean and its bounding Northern Hemisphere continents". Not surprisingly [12] compare the average rate of sea level rise along the North Atlantic coast of the US for the 1950s-thru-1970s to the average rate of SLR for the 1980s-thru-2000s. And not surprisingly [13] studies the time history of the rate of rise of sea levels computed by using 36 year time windows, or compute the acceleration of sea levels by parabolic fitting of 42 years of data. Both analyses build on the last valley-to-peak multi-decadal oscillation of quasi-60 years.
The oscillations of the North American Pacific seas appear to be different from the general trend of a quasi-60 year oscillation. This is possibly the result of the strong ENSO signal in the Pacific that makes difficult the detection of a quasi-60 year oscillation with not too much data above 100 years.
Conclusions
The Western North Atlatic seas oscillate following the AMO index with a quasi-60 years periodicity.This translates in the minimum requirement of 60 years of recorded data or 60 years time windows to infer any trend in the rate of rise.
It has been shown that the US East coast tide gauges exhibit a naturally oscillating more than the positively accelerating behaviour that has only been inferred neglecting the quasi-60 years periodical oscillation.
The Eastern North Pacific seas oscillates with periodicities not fully cleared out, possibly foplloing the PNA or the PDO indices. The strong ENSO signal is possibly what makes difficult to detect a quasi-60 years periodicity.
It has been shown that also the US West coast tide gauges exhibit a naturally oscillating more than the positively accelerating behaviour that has only been inferred by making current the lower rates of rise of the 1800s.
